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July 18, 1995 The present invention relates to an apparatus for irradiating fluids. More particularly, the present inven tion concerns an apparatus for permitting cells to be irradiated by an ultraviolet light source.
The transplantation of cells into an allogeneically different recipient has been researched by several medi cal investigators in an attempt to treat specific medical diseases and disorders. In order to successfully carry out such a transplantation of cells, it is necessary to immunosuppress antigen expression and/or recognition of the transplanted cells. In that way, the body's natural tendency to reject the transplantation of the allogeneic cells can be overcome.
One generally recognized method for immunosup pressing the antigen expression and recognition of the allogeneic cells is to subject the cells to ultraviolet radi ation. The uses of ultraviolet radiation within the con text of cellular transplantation are discussed in an article authored by H. Joachim Deeg entitled "Ultraviolet Irradiation in Transplantation Biology," Transplanta tion, Vol. 45, No. 5, pp. 845-851, May 1988. Several other articles have also been written describ ing specific methods that have been employed for sub jecting transplant cells to ultraviolet radiation. For ex ample, in one method, blood diluted in a phosphate buffer was placed in petri dishes and subjected to ultra violet light for twenty minutes. The light source emit ting the ultraviolet light was positioned at a specified distance from the petri dish. However, not all of the experiments utilizing that method were apparently con ducted with the light source positioned at the same distance from the petri dishes. Hardy, M. A., Lau, H.
T., Weber, C., Reemtsma, K.: "Pancreatic Islet Trans plantation: Immuno-alteration With Ultraviolet Irradia tion', World Journal of Surgery, Vol. 8, No. 2, pp. 207-213, April 1984. Hardy, M.A., Lau, H., Reemtsma, K.: "Prolongation of Rat Islet Allografts With the Use of Ultraviolet Irradiation, Without Immunosuppres sion ', Transplantation Proceedings, Vol. 16, No. 3, pp. 865-869, June 1984. In another method, platelets were suspended in a solution, placed in an open petri dish to a depth of 1.5 mm and subjected to ultraviolet light irradiation while being continuously shaken. Slichter, S.J., Deeg, H. J., Kennedy Science, Vol. 223, pp. 607-609, Feb. 10, 1984. It becomes readily apparent from a review of the above articles that the techniques and methods pres ently employed in ultraviolet light irradiation for trans plant and transfusion related procedures suffer from several drawbacks and are susceptible to improvement. In particular, there is no uniformity among the various techniques currently used. In fact, the nature of the techniques is such that even with respect to each indi vidual test, uniformity is difficult to maintain. For exam ple, since the cellular suspension is placed in petridishes and then subjected to irradiation in the various meth ods, uniformity can only be maintained if the distance between the cellular suspension and the light source is kept constant. Of course, it is rather evident that such distance depends upon the amount of cellular suspen sion placed in the petri dish and, clearly, the amount of cellular suspension in a petri dish can be a difficult fac tor to keep constant. Cells which are placed and sus pended in a given volume of solution begin to settle to the bottom of the petridish over time. Thus, the number of cells in suspension during irradiation tends to de crease throughout the irradiation process.
A related problem that arises when the cellular sus pension is irradiated in petri dishes according to the above procedures is that it is difficult to subject all of the cells in the cellular suspension to the same amount of ultraviolet irradiation. That is due in part to the fact that the cellular suspension is somewhat stagnant in the petridishes. That is to say, the cells in the suspension do not move throughout the suspension but rather, main tain their relative positions within the suspension. As a consequence, cells on the surface of the cellular suspen sion located closer to the ultraviolet light source are subjected to a different amount of irradiation than un derlying cells in the cellular suspension. Although one of the foregoing articles mentions shaking the petri dish during irradiation, that technique would not be entirely effective in overcoming the aforementioned problem.
For example, shaking a petri dish that is not covered in order to subject the cells to movement results in an increase in the amount of evaporation of the cellular suspension. On the other hand, covering the petri dish prior to shaking may not be an effective solution be cause the material from which the cover is made can affect, and significantly reduce, the amount of irradia tion received by the cellular suspension. Thus, a diffi cult calibration procedure is necessary.
Another drawback associated with the techniques currently employed in ultraviolet light irradiation for transplant/transfusion related procedures is that there is no stability with respect to other factors affecting the irradiation process. For instance, the temperature in the area surrounding the irradiation process can have a significant effect upon the intensity of the irradiation process. Accordingly, if the ambient temperature is not maintained at a particular level, consistent and reliable 5,433,738 3 results will not be possible with respect to successive irradiation processes.
Similarly, during the initial hours of operation, the output from the ultraviolet light source can vary in fluorescent lamp systems. Thus, a cellular suspension irradiated during the initial hours of operation will be subjected to a different amount of irradiation than cellu lar suspensions that are irradiated later.
OBJECTS AND SUMMARY OF THE INVENTION
As can be seen from the foregoing discussion, a need exists for an apparatus and method for irradiating cells that can overcome the drawbacks associated with the techniques presently employed. It is, therefore, an ob ject of the present invention to provide an apparatus and method for irradiating cells with ultraviolet light that permits uniformity with respect to the manner in which the cells in the cellular suspension are irradiated.
It is also an object of the present invention to provide an apparatus and method for irradiating cells with ultra violet light that permits stability with respect to the operation of the apparatus. Providing an apparatus and method that can meet the two foregoing objectives is desirable because after the apparatus has been calibrated to ensure that the cells in a particular amount of cellular suspension will be subjected to a particular amount of ultraviolet irradiation in a given amount of time, one can be assured that subsequent operations of the appara tus will provide substantially the same results as those expected from the calibration of the apparatus.
It is an additional object of the present invention to provide an apparatus and method for irradiating cells that is relatively simple and inexpensive to manufacture, and relatively easy to operate. It is a further object of the present invention to pro vide an apparatus and method for irradiating cells that is able to inhibit the transmission of ultraviolet light hav ing a particular wavelength so that the cells in the cellu lar suspension are not subjected to such ultraviolet light. In that way, the potentially harmful effects of ultravio let light having a particular wavelength can be avoided.
Those and other objects that will become more ap parent from the following description, including the appended claims and the drawings, are achieved through the apparatus and method according to the present invention.
The apparatus includes an ultraviolet light source and an outer cylinder that surrounds the ultraviolet light source. An arrangement is provided for carrying sus pended cells that are to be subjected to ultraviolet irra diation. Preferably, that arrangement includes hollow tubing that is wrapped helically around the outer pe ripheral surface of the outer cylinder.
In addition to the above features, the apparatus can also include an inner cylinder that is positioned between the outer cylinder and the ultraviolet light source. The apparatus can include an arrangement for filtering the ultraviolet light so that ultraviolet light having a partic ular wavelength is inhibited from passing through the inner and/or outer cylinders. Also, the apparatus can include an arrangement for ventilating the system in order to maintain a substantially constant temperature.
The method for irradiating potential transplant cells with ultraviolet light according to the present invention includes the steps of feeding a cell suspension into an inlet end of a transport arrangement for transporting and guiding the cell suspension, transporting the cell suspension over at least a portion of an outer surface of an outer cylinder, irradiating the suspended cells with ultraviolet light from an ultraviolet light source that is positioned inside the outer cylinder and collecting the cell suspension after irradiation in a collection reservoir as the cell suspension exits an outlet of the transport arrangement.
BRIEF DESCRIPTION OF THE DRAWINGS
A preferred embodiment of the present invention will be described in greater detail with reference to the accompanying drawings, wherein like elements bear As seen in FIG. 2 , a hollow inner cylinder 26 is posi tioned inside the outer cylinder 22. The inner cylinder 26 also extends in the longitudinal direction and is sub stantially parallel to the outer cylinder 22. The inner cylinder 26 is spaced from the outer cylinder 22 so that a space 28 exists between the inner surface 30 of the outer cylinder 22 and the outer surface 32 of the inner cylinder 26.
Located centrally in the apparatus 20 is an ultraviolet light source 34. The ultraviolet light source 34 also extends in the longitudinal direction and is substantially parallel to the outer cylinder 22 and the inner cylinder 26. Thus, both the outer cylinder 22 and the inner cylin der 26 surround the ultraviolet light source 34. The ultraviolet light source 34 is spaced from the inner cyl inder 26 so that a space 36 exists between the inner surface 38 of the inner cylinder 26 and the outer surface 40 of the ultraviolet light source 34. The ultraviolet light source 34, the inner cylinder 26 and the outer cylinder 22 are all of substantially the same length.
Turning to FIG. 3 , the apparatus 20 further includes a first seal member 42 and a second seal member 44. The first seal member 42 serves to seal the first end 46 of the outer cylinder 22 while the second seal member 44 serves to seal the second end 48 of the outer cylinder 22. The first seal member 42 is positioned with respect to the outer cylinder 22 such that the end face at the first end 46 of the outer cylinder 22 abuts against the inner 5 surface 50 of the first seal member 42. Similarly, the second seal member 44 is positioned with respect to the outer cylinder 22 such that the inner surface 52 of the second seal member 44 abuts against the end face of the outer cylinder 22 that is located at the second end 48 of 10 the outer cylinder 22.
It can be further seen from FIG. 3 that the inner cylinder 26 is substantially the same length as the outer cylinder 22. Accordingly, the inner face 50 of the first seal member 42 abuts against the end face of the inner cylinder 26 that is located at the first end 54 of the inner cylinder 26. Likewise, the end face of the inner cylinder 26 located at the second end 56 of the inner cylinder 26 abuts against the inner surface 52 of the second seal surface 40 of the ultraviolet light source 34 with the atmosphere. As a result of the abutting arrangement of the first seal member 42 and the inner and outer cylin ders 26, 22, the hole 62 can communicate with the space 36 between the inner cylinder 26 and the light source 34 and the space 28 between the inner and outer cylinders 26, 22 through the previously described apertures 60. Positioned in the first hole 62 is an inlet port 64. The inlet port 64 is adapted to be connected to a suitable source of air 66 such as a small duct fan. According to that arrangement, the duct fan can blow or suction air through the inlet port 64 and into the space 36 through the radially positioned apertures 60.
The first seal member 42 also includes at least one and preferably a plurality of second holes 68 that extend through the first seal member 42. The second holes 68 are positioned such that the space 28 between the inner surface of the outer cylinder 30 and the outer surface 32 of the inner cylinder 26 is in communication with the atmosphere. Once again, since the first seal member 42 is in abutting relation to the inner and outer cylinders 26, 22, the plurality of second holes 68 can only commu nicate with the space 28. Turning once again to FIG. 1 , one end of the heli cally wound tube 24, the inlet end, is connected to a suitable container 78 in which is located the cellular suspension that is to be subjected to irradiation by the ultraviolet light source 34. The container 78 can be either a transfusion bag or some other type of sterile container that is equipped to filter incoming air, if needed. A variable rate pump 80 is also provided at the inlet end of the helically wound tube 24. The variable rate pump 80 serves to move the cell suspension located in the container 78 through the helically wound tube 24.
A collection reservoir 82 is connected to the opposite end of the helically wound tubing, the outlet end, in order to permit collection of the cellular suspension that has been irradiated by the ultraviolet light source 34.
The outer cylinder 22 and the inner cylinder 26
should be manufactured from materials that are well suited for transmitting and filtering ultraviolet light. Preferably, the ultraviolet light source 34 used in the present invention is a U.V.-B medium wave fluorescent tube. Such a tube is suitable because, as mentioned above, it emits an optimal distribution of ultraviolet light within a range of approximately 280 nanometers (nm) to 320 nanometers (nm). That range of ultraviolet light has been found to be most suitable for irradiating potential transplant cells in a cellular suspension. How ever, as was pointed out previously, the U.V.-B medium wave fluorescent tube emits minimal but additional amounts of ultraviolet light over a range of wavelengths outside the 280-320 nanometer range. Ultraviolet light ouside the 280-320 nanometer range has been found to be not entirely suitable for irradiating potential trans plant cells.
In order to address that concern, a filtering arrange ment can be provided with respect to the inner and/or outer cylinders in order to inhibit the transmission of ultraviolet light having the undesired wavelength. The use of an ultraviolet light source that is capable of emit ting ultraviolet light having the desired spectral distri 5,433,738 7 bution and range is particularly well adapted to be used in conjunction with a filtering arrangement because the filtering arrangement would permit the portion of the ultraviolet light having the desired wavelength to pass through the inner and outer cylinders while also allow ing the undesirable and potentially harmful portion of the ultraviolet light outside of the U.V.-B range to be filtered prior to reaching the helically wound tube and the cellular suspension contained therein.
One portion of the spectral range of ultraviolet light that has been found to be undesirable is ultraviolet light in the U.V.-C range. It has been determined that ultravi olet light in the U.V.-C range is not particularly well suited for irradiating cells because of its high energy and short wavelength properties.
In one embodiment, the above-described filtering arrangement can take the form of a film that is coated on the outer surface 32 of the inner cylinder 26. One film that has been found to be particularly well suited for inhibiting or blocking the transmission of high en ergy, short wavelength U.V.-C light is "KODACEL' . 6 ). However, in order to maxi mize the stability of the film, the filters are preferably placed away from the ultraviolet light source. A film coating having a thickness of between 0.10 mm and 0.15 mm has been found to provide desirable results al though other thicknesses could be utilized depending upon the results desired.
While it is desirable that the high energy, short wave length U.V.-C light be filtered in the aforementioned manner in order to avoid irradiation of the cellular suspension by that portion of the ultraviolet light, filter ing and inhibiting the transmission of U.V.-Alight is not quite as great a concern. That is because the U.V.-A light is a low energy, long wavelength range of light. As a result, the U.V.-Alight will not have the same poten tially harmful effects on the cellular suspension as the high energy, short wavelength U.V.-C light.
Nevertheless, in order to ensure that the cellular suspension is subjected to only U.V.-B light, a filtering arrangement can be provided for inhibiting the trans mission of U.V.-Alight through the inner and/or outer cylinders 26, 22. One particular filtering arrangement that has been found to be effective is the use of a nickel and cobalt sulfate filter which can be positioned in the aforementioned places in order to filter U.V.-A light and still transmit U.V.-Blight. As an alternative, optical filters of any suitable type can be used so long as the optical filter is capable of achieving the desired objec tive of filtering the portion of the ultraviolet light with which the cellular suspension should not be irradiated. Also, anti-reflective coatings can be placed on the inner and/or outer cylinders to improve the transmission of ultraviolet light through the inner and/or outer cylin ders.
It is to be understood from the foregoing that a filter ing arrangement can be employed for inhibiting and blocking the transmission of U.V.-A light and U.V.-C light while permitting the transmission of U.V.-B light. The aforementioned filtering arrangement could also be utilized in conjunction with a different ultraviolet light source than that described above. For example, it may be desirable for other reasons to employ an ultravi olet light source that emits primarily U.V.-A light, pri marily U.V.-C light or a combination of both.
The helically wound hollow tube 24 should prefera bly be manufactured from material that is adapted to readily transmit ultraviolet light. One type of material that has been found to be well suited for transmitting ultraviolet light is polypropylene. "EXTREL' poly propylene, and more specifically EX-50 polypropylene, manufactured by Exxon Chemical Co. has been deter mined to be desirable.
One of the advantages associated with the apparatus according to the present invention is that the apparatus 20 is equipped with a ventilation system that is designed to maintain a constant temperature in the apparatus 20 while the apparatus is in use. Turning to FIG. 3 , the ventilation system operates in the following manner. One of the advantages resulting from the ventilation system according to the present invention is evident when considered in light of the fact that changes in the ambient temperature can result in up to a sixty percent variation in the output of the ultraviolet lamp. If the apparatus is initially calibrated based upon results ob tained when the apparatus is operated in a particular set of ambient conditions, the later operation of the appara tus at ambient conditions that are different from those that existed when the apparatus was first calibrated will result in the cellular suspension being irradiated by an amount that is at variance with the expected amount. Thus, the utilization of a ventilating system that helps ensure that the temperature in the apparatus is main tained at a substantially constant level will help ensure that the cells in the cellular suspension are irradiated at a desired level and by a desired amount of ultraviolet light.
It is to be understood that as an alternative to the duct fan 66, a vacuum or suction pump could be connected to the inlet port 64 in order to continuously ventilate the closed system. In that alternative arrangement, the vac uum pump would draw air into the space 28through the holes 68 and the air would flow through the apertures 60 that extend through the inner cylinder 26, through the space 36 and out the port 64.
Another advantage associated with the ventilation system of the present invention concerns the aforemen 5,433,738 9 tioned use of filters and the like for filtering and inhibit ing the transmission of ultraviolet light having a partic ular wavelength. In that regard, the heat produced by the ultraviolet light source and the resulting tempera ture in the apparatus 20 can cause the filter surface to warp or shift. Through use of the ventilation system, the temperature within the apparatus 20 can be maintained at a level that is not harmful to the filter surface. To further enhance filter stability, the ventilating holes 68 that vent air between the outside air and the space 28 between the inner and outer cylinders 22, 26 can be switched with the inlet port 62 if so desired. Also, re verse air flow through use of the aforementioned vac uum or suction pump can transfer heat faster from the inner and outer cylinders to thereby avoid damaging the filter surfaces. That reverse air flow allows the heat generated by the lamp to leave the system faster because the heat is transferred immediately out of the system instead of being carried through it.
The variable rate pump 80 could be replaced with other devices that are adapted to perform a similar function. For example, a Harvard variable syringe pump or any type of adjustable high pressure pumping device could be employed for pumping the cellular suspension from the container 78 through the helically wound tube 24 and to the collection reservoir 82.
The use of an outer cylinder having an outer radius of approximately 24 mm and a length of approximately 190 mm as measured between the first and second seal members 42, 44 in conjunction with hollow tubing 24 having an inside diameter of approximately 1.02 mm and an outside diameter of 2.16 mm will permit approxi mately 10.84 ml of cellular suspension to be located in the tubing 24 over the exposure area of the apparatus. The outer radius of the inner cylinder 26 can be approx imately 16 mm. Also, the spacing between the inner and outer cylinders 20, 22 and the spacing between the inner cylinder and the ultraviolet light source can be approxi mately 8 mm. Those dimensions and values are given only by way of example and are only intended to illus trate the fact that it is necessary to know the dimensions of the outer cylinder and the tubing so that the amount of cellular suspension contained in the tubing can be determined for dose calculation purposes, for calibra tion purposes, and for purposes of obtaining consistent results.
In order to ensure that the cells in the cellular suspen sion which are pumped through the helically wound tubing are irradiated by a known or determinable amount of ultraviolet light, it is important, and also essential, that the apparatus 20 be calibrated. As a first step in the calibration procedure, the ultraviolet tube or lamp 34 is burned continuously for approximately 100 hours. It has been found that the output of ultraviolet lamps fluctuates greatly during the initial hours of oper ation of the lamp. Accordingly, by letting the lamp burn continuously for 100 hours, the lamp's fluctuation in output can be reduced and substantially eliminated.
After the ultraviolet light has been continuously burned for approximately 100 hours, it is necessary to measure the output of the ultraviolet lamp. For that purpose, an integrating sphere and a spectral radiometer can be employed and as a result, the separate and total outputs of U.V.-A light, U.V.-Blight and U.V.-C light can be determined. During measurement of the output of the ultraviolet lamp 34, the temperature in the appa ratus should be maintained at a substantially constant Measurements taken with a narrow band detector or sensor and a lab radiometer can be standardized to the calibrated measurements and used at a later time to determine the amount of fluctuation in the apparatus 20 after, say, 6-8 months of use. As an example, say the calibrated measurements taken from the irradiating system output is initially 3.0 watts/square meter/second (W/m2/s), using a narrow band detector and lab radi ometer, the output reading can be standardized to the calibrated measurements. A reading from the lab radi ometer reading 0.10 W/m2/s would represent 100 per cent of the irradiating system's output. If, say in six months the lab radiometer read 0.08 W/m2/s, then the system output would be approximately 2.4 W/m2/s or 80 percent of the initial operating output.
Using calibrated irradiation measurements, the total output of U.V.-B light from the ultraviolet light source can be obtained. That output, in watts per second, can be converted into watts per square meter per second by dividing by the surface area of the outer cylinder or, in other words, the exposure area. It can be seen that the exposure area of the apparatus can be increased by utilizing an outer cylinder having a larger diameter. The By knowing that the following relationships exist, the pump rate necessary for effecting a particular irradia tion of the cells in the cellular suspension can be deter By way of example, it has been determined that in a typical bone marrow transplant, the concentration of cells needed to rescue an allogeneic recipient is approxi mately 2.3x 109 cells for 10 rats. Through use of an outer cylinder and inner cylinder having the dimensions noted above, utilizing a second 0.15 mm coating of "KODACEL'TA 401 on the outer surface of the inner cylinder (which further reduces the output of the ultra violet lamp by 50 percent), adjusting the power to the ultraviolet lamp to thirty percent and having deter mined that the appropriate dose is approximately 150 J/m2, it can be determined from the foregoing relation ships that the appropriate pumping rate should be ap proximately 2.26 ml/min. when the cell concentration is about 2.3x108 cells/ml. 5,433,738 11 Having determined the appropriate pumping rate, the variable rate pump 80 or other suitable device is set to that rate and the cellular suspension in the container 78 is permitted to flow into the inlet end of the tubing 24. Through the pumping action of the pump 80, the cellu lar suspension is fed through the tubing 24 and over the exposure area where the cells in the cellular suspension are irradiated by the ultraviolet light source. The cellu lar suspension flows along the length of the tubing and over the entire exposure areaso as to be subjected to the previously determined appropriate dosage of ultraviolet light irradiation. The irradiated cells in the cellular suspension exit the tubing 24 at the outlet end and are collected in the collection reservoir 82. The cells are then transplanted into the recipient.
Although the foregoing description of the apparatus and method according to the present invention has been described in terms of being used in conjunction with bone marrow transplants, it is to be understood that the apparatus and method could also be employed in other cellular transplant and transfusion related procedures. Further it should be understood that other cylinders in addition to the inner and outer cylinders described above could be employed.
The principles, preferred embodiments and modes of operation of the present invention have been described in the foregoing specification. However, the invention which is intended to be protected is not to be construed as limited to the particular embodiments disclosed. Fur ther, the embodiments described herein are to be re garded as illustrative rather than restrictive. Variations and changes may be made by others without departing from the spirit of the present invention. Accordingly, it is expressly intended that all such variations and changes which fall within the spirit and scope of the present invention as defined in the claims be embraced thereby.
What is claimed is:
1. A method of irradiating potential transplant cells with ultraviolet light through use of an apparatus com prising the steps of: feeding a cell suspension into an inlet end of a trans port means for transporting and guiding the cell suspension; transporting and guiding the cell suspension over at least a portion of an outer peripheral surface of an outer cylinder;
irradiating the suspended cells with ultraviolet light from an ultraviolet light source that is positioned inside the outer cylinder; ventilating the apparatus by blowing air into a space located between an outer surface of the ultraviolet light source and an inner surface of an inner cylin der positioned between the outer cylinder and the ultraviolet light source, permitting the air to flow into a space located between an inner surface of the outer cylinder and outer surface of the inner cylin der, and permitting the air to exit the apparatus; and collecting the cell suspension after irradiation in a collection reservoir as the cell suspension exits an outlet of the transport means. feeding a cell suspension into an inlet end of a heli cally arranged transport means for transporting and guiding the cell suspension; helically transporting and guiding the cell suspension through the transport means over at least a portion of an outer peripheral surface of an outer cylinder, the cell suspension being transported and guided through the transport means which is separate from and encircles the outer peripheral surface of the outer cylinder; altering antigen expression and recognition of the cells by irradiating the suspended cells with ultravi olet light from an ultraviolet light source that is positioned inside the outer cylinder, said cells being irradiated with ultraviolet light having a wave length not less than about 280 nanometers; and introducing the irradiated cells whose antigen expres sion and recognition has been altered into a living recipient.
5. The method in accordance with claim 4, wherein the ultraviolet light is filtered so that the cells are not subjected to ultraviolet light having a wavelength greater than about 320 nanometers.
6. The method in accordance with claim 4, and fur ther including the step of ventilating the apparatus by blowing air into a space located between an outer sur face of the ultraviolet light source and an inner surface of an inner cylinder positioned between the outer cylin der and the ultraviolet light source, permitting the air to flow into a space located between an inner surface of the outer cylinder and outer surface of the inner cylin der, and permitting the air to exit the apparatus.
7. The method in accordance with claim 4, wherein the ultraviolet light from the ultraviolet light source is filtered so that the suspended cells are irradiated with ultraviolet light having a wavelength not less than about 280 nanometers. 8. A method of irradiating potential transplant cells with ultraviolet light through use of an apparatus in order to alter antigen expression and recognition of the cells comprising the steps of: feeding a cell suspension into an inlet end of a heli cally arranged transport means for transporting and guiding the cell suspension; helically transporting and guiding the cell suspension through the transport means over at least a portion of an outer peripheral surface of an outer cylinder; altering antigen expression and recognition of the cells by irradiating the suspended cells with ultravi olet light from an ultraviolet light source posi tioned inside an inner cylinder which is disposed within and spaced from the outer cylinder, said cells being irradiated with ultraviolet light having a wavelength not less than about 280 nanometers; and introducing the irradiated cells whose antigen expres sion and recognition has been altered into a living recipient. 9. The method in accordance with claim 8, further including the steps of permitting the ultraviolet light 5,433,738 13 source to burn for a predetermined continuous period of time prior to feeding the cell suspension into the trans port means in order to stabilize the intensity and output of the ultraviolet light source and to permit calibration of the apparatus. 5 10. The method in accordance with claim 8, wherein said step of irradiating the cells includes irradiating the cells with ultraviolet light having a wavelength not greater than about 320 nanometers.
11. A method of inducing alteration of antigen ex pression and recognition of cells, comprising:
providing cells from a donor source; subjecting said cells to ultraviolet radiation while said cells are being conveyed through a helically ar-15 ranged conveying means to alter antigen expres sion and recognition of the cells to the extent neces sary to change immune response to the cells, said cells being subjected to ultraviolet irradiation by subjecting the cells to ultraviolet light having a 20
wavelength not less than 280 nanometers, said cells being conveyed in a helical path through the con veying means which is separate from and encircles an outer peripheral surface of an outer cylinder; and introducing into a living recipient the cells whose antigen expression has been altered through ultra violet irradiation in order to modify antigen recog nition of the transplanted cells and thereby change 30
immune response in the living recipient. 12. The method according to claim 11, wherein said step of subjecting the cells to ultraviolet irradiation includes subjecting the cells to ultraviolet light that has been filtered to remove ultraviolet light having a wave-35 length greater than about 320 nanometers. 13. The method according to claim 11, wherein said step of subjecting the cells to ultraviolet irradiation includes subjecting the cells to ultraviolet light that has been filtered to remove ultraviolet light having a wave length less than about 280 nanometers.
14. A method of inducing alteration of antigen ex pression and recognition of cells, comprising:
providing cells from a donor source; subjecting said cells to ultraviolet radiation while said cells are being conveyed through conveying means to alter antigen expression and recognition to the extent necessary to change immune response to the cells, said cells being subjected to ultraviolet irradi ation by subjecting the cells to ultraviolet light having a wavelength not less than 280 nanometers, the cells being conveyed through conveying means positioned exteriorly of an outer cylinder and being subjected to ultraviolet radiation from an ultravio let radiation source positioned inside an inner cylin der which is disposed within and spaced from the outer cylinder; and introducing into a living recipient the cells whose antigen expression has been altered through ultra violet irradiation in order to modify antigen recog nition of the transplanted cells and thereby change immune response in the living recipient. 15. The method according to claim 14, wherein said conveying of the cells through conveying means in cludes conveying the cells through helically wound tubing while being subjected to the ultraviolet irradia tion.
16. The method in accordance with claim 14, wherein said step of irradiating the cells includes irradiating the cells with ultraviolet light having a wavelength not greater than about 320 nanometers. sk k k xk k
